Hybrid Corn and the

Economics of Innovation
Geographic differences in the use of hybrid corn are explained by differences in the profitability of that use.
The idea that a cross between plants that are genetically unlike can produce a plant of greater vigor and yield than either of the parental lines dates back to Darwin and earlier. Serious research on hybrid corn, however, did not begin until the first years of this century, and the first application of research results on a substantial commercial scale was not begun until the early 1930's. During the last 25 years, the change from open pollination to hybrid seeds has spread rapidly through the Corn Belt, and from the Corn Belt to the rest of the nation. The pattern of diffusion of hybrid corn, however, has been characterized by marked geographic differences. As shown in Fig. 1 , some regions began to use hybrid corn much earlier than others, and some regions, once the shift began, made the transition much more rapidly than others. For example, Iowa farmers began planting hybrid corn earlier than did Alabama farmers, and Iowa farmers increased their acreage in hybrid corn from 10 to 90 percent more rapidly than did Alabama farmers.
Although the explanation of area differences in the pattern of diffusion of hybrid corn constitutes the main contribution of the study reported here ( I ) , it is worth drawing attention first to the striking similarity in the general pattern of diffusion of hybrid seed in the various areas. Almost everywhere the developn~ent followed an S-shaped growth curve. As illustrated in Fig. 1 , the rate of change is slow at first, accelerating until it reaches its peak, at approximately the mid-point of development, and then slowing down again as the development approaches its final level ( 2 ) . Interestingly enough, this pattern of development also applies to increases in the use of farm equipment-+om-
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Zvi Griliches bines, corn pickers, pickup balers, and field forage harvesters, as illustrated in Fig. 2 . Similar patterns occur in the use of new drugs by doctors and in the diffusion of other new items or ideas ( 3 ) . Thus, the data on hybrid corn and other technical changes in U.S. agriculture support the general finding that the pattern of technical change is S-shaped.
Although the finding that technical change follows this pattern is not very surprising or new ( 4 ) , it is very useful. It allows us to summarize large bodies of data on the basis of three major characteristics (parameters) of a diffusion pattern: the date of beginning (origin), relative speed (slope), and final Ievel (ceiling). The interesting question then is, given this general Sshape, what determines the differences among areas in the origin, slope, and ceiling? Why were some areas ahead of others in first using hybrid corn? Why did hybrid corn spread faster in some areas than in others? Why did some areas reach higher levels of equilibrium than others?
Date of Availability
Although the idea of breeding hybrid corn as we know it today goes back at least to 1918, to D. F. Jones and the double cross, the dates at which superior hybrids actually became available in different areas varied widely. Hybrid corn was not a once-and-for-all innovation that could be adopted everywhere. Rather, it was an invention of a new method of innovating, a method of developing superior strains of corn for specific localities (5). The actual process of developing superior hybrids had to be carried out separately for each locality. It is important t o remember this fact before one blames, for example, the southern farmers for being slow to plant hybrid corn. Although superior hybrids became available in the Corn Belt in the early 1930's, it was only in the middle of the 1940's that good hybrids began to appear in the South. Thus, the date for a given area on which commercial quantities of superior hybrid seed were first produced is one of the major determinants of the development in that area.
We can take the date on which an area began planting 10 percent of its corn acreage to hybrid corn as the date on which superior hybrids became available to farmers in comnlercial quantities. As shown in Fig. 3 , different areas in the United States reached the 10-percent level on different dates. For example, this level was reached in 1936 in some parts of Iowa and in northern Illinois but was not reached until after 1948 in some parts of Alabama and Georgia. The usefulness of the 10-percent level as a measure of the commercial availability of hybrid corn seed is indicated by the very close correspondence between this and an alternative measure. From records of state yield tests and from other publications it is possible to determine in what year hybrids first outyielded open-pollinated varieties by a substantial margin in a given locality. The "lo-percent" definition used in this study has a .93 Spearman rank correlation coefficient with the "technical" definition.
Area differences in date of first planting of hybrid corn can be explained in terms of differences in date of availability of hybrid corn seed. Area differences in date of availability, in turn, can be explained, in part, in terms of some simple economic factors. Innovators among the seed producers first entered those areas where the expected profits from the commercial production of hybrid corn seed were largest. They entered the "good" areas ahead of the "poor" ones. It is no accident that, though the major innovation occurred in Connecticut, commercial development began in the heart of the Corn Belt where the potential market-farmers who buy and plant corn seed-was largest. The profits that seed producers can expect to make in a given region depend upon the size of the market for corn seed in that region and the cost of entry in that region.
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Market Density and Cost of Entry
The close correlation for an area between the date of availability of hybrid corn seed and the market for corn seed may be seen by comparing Fig. 3 with two reasonable measures of the market. The first measure is the density of corn acreage in 1949, shown in Fig. 4 ; the second measure is the density of corn Percent pickers in use on farms, shown in Fig.  5 (the second measure is the better index of the "goodness" of a corn area and provides the best simple outline of the Corn Belt). This correlation is also demonstrated by plotting the date of entry of hybrid-seed producers into an area, as measured by the date on which farmers devoted 10 percent of their corn acreage to hybrid corn, against the average market density of the area. As shown in Fig. 6 the lower the market density, the later the date of entry into a given area. The rank correlation is high (.7), and even higher (.9) if the Southeast is excluded from the computations. The Southeast is a special case. It was entered later because of the relative lateness of the research contributions by the region's experiment stations and the obstacles put in the way of private seed companies in that area. Moreover, when one gets down to a certain low level it does not really pay to discriminate between areas on the basis of their relative market densities, and other variables become more significant.
Deviations in the correlation between the spread of hybrid corn and the distribution of the market can be explained by the cost of entry factor. Cost of entry depends, among other things, on how different the area is from those already entered, and on whether experiment stations have already developed inbred lines and whole hybrids adaptable to the area. Study of Figs. 3, 4, and 5 shows first that the spread was much faster latitudinally than it was longitudinally. The reason, in part, is that an important factor determining the range of adaptability of a particular hybrid is the length of the growing season. To a large extent this is a function of latitude, and as one moves east or west the chances that the same hybrid will be adaptable to new areas are much higher than they are if one moves north or south. Nevertheless, the movement north seems to have been faster than the movement south. This is partly because of the larger markets in the north but is also a reflection of the special contributions of the Minnesota and Wisconsin agricultural experiment stations. They entered hybrid corn research very early in the game and contributed a great deal more than one would have expected from them just on the basis of the relative importance of corn in their states. Similarly, the contributions ,of Texas, Louisiana, and Florida stations came earlier and were relatively larger than those of the other stations in the South, which produced little of importance till the middle 1940's. This would explain to some extent why hybrid corn moved into the Southwest before it did into the Southeast. Moreover, quite a few of the Corn Belt inbreds and hybrids proved adaptable in the Southwest. It was more like the Corn Belt than was the Southeast, and it did not suffer to the same extent Since cost factors in areas that are close together are likely to be similar, we may assume that entry into the neighborhood of an area makes entry into the area itself more likely, and thus we may use the earliest date of entry into any of the immediately neighboring areas as a proxy variable for the cost of entry into the given area. This variable and the measure of market density, taken together, explain to a large extent the variability in the dates on which hybrid corn was introduced in different parts of the country and support the statement that the innovators were influenced by considerations of profit, entering those areas first where the expected profits from innovation were highest.
Hates of Acceptance
The rate at which farmers in a region accepted hybrids, once hybrid corn became available, also varied from area to area. As shown in Fig. 7 , this rate was highest in Iowa and the surrounding area and lowest in some of the areas of acreage to hybrid seed in specified years.
the Southeast and the Mississippi Delta states. The differences in the rates of acceptance are largely demand phenomena, not a result of different supply conditions. After the first few years, in most of the places and most of the time: the supply of seed was not the limiting factor. The rate of acceptance is taken to be the relative speed of the diffusion process-that is, it is the slope coefficient of the S-shaped curve (7). The measure is such that a value of 1.00 means that it takes 4 years for the acreage devoted to hybrid corn to rise from 12 to 88 percent, while a value of 0.5 implies that it would take 8 years, or ul. uo n5a.,9.
-'i.ai'" e i 7% oiui,r Fig. 4 (left). The market for hybrid seed. Corn acreage in 1949. Fig. 5 (right). Corn pickers on farms, 1950. This is a better index than corn acreage of the "goodness" of an area with respect to corn growing and provides the best single outline of the Corn Belt.
--twice as long, for this same rise to occur. 'The rate at which farmers accept a new technique depends, among other things, o n the magnitude of the profit to be realized from the change-over. This hypothesis is based, first, on the general observation that the larger the stimulus the faster the reaction t o it, and, second, on the fact that in an uncertain environment it takes a shorter time to find out that there is a difference, if that difference is large ( 8 ) . Farmers doubted that this new hybrid corn was any good, and it took them some time to become convinced of its superiority.
Individual farmers followed a development pattern of their own in shifting from open-pollinated to hybrid seed in planting their corn acreage (see Fig. 8 ). Almost no farmer planted 100 percent of his corn acreage to hybrid seed the first time he tried it (9).
Yield per Acre and Acres per Farm
The rate at which farmers shifted to hybrid corn depends, among other things, upon the profitability of such a shift. This in turn depends upon the absolute superiority of hybrids in corn yield in bushels per acre, and on the average number of acres per farm planted to corn.
It is widely accepted that hybrids out- Fig. 7 ; The higher the yield, the higher the rate o f acceptance.
Where the rate o f acceptance fails to correlate with the yield per acre, the failure can be explained by taking into account the difference in the average number o f acres o f corn per farm (corn acreage per farm increasing as one moves from East to West), since what is important is not only the profitability per acre but also the profitabilit y per farm. A large fraction of the variability between areas in the rate o f acceptance of hybrid corn by farmers can be explained with the help o f these two "profitability" variables ( 2 2 ) .
Equilibrium Level
In an analysis o f the use o f hybrid corn in this country, one must consider, finally, differences in the equilibrium level reached-that is, differences in the fraction o f the acreage which is ultimately devoted to hybrid seed. As shown in Fig. 10 6. One can approximate a measure of the difference between the Corn Belt and some other areas with respect to the kind of hybrids they take by computing from lists of recommended hybrids in various areas and their pedigrees the percentage of all inbred lines accounted for by Corn Belt inbred lines. Such an index of "Cornbeltlines" had a correlation of .8 with the "date of origin" on the state level and of .7 with that on the crop-reporting-district level. 7. More exactly, the measure is the slope coefficient of the logistic growth curve as adjusted for ceiling differences. For an explanation of this measure see Z . Griliches, Ecoriometrica (Oct. 1957). 8 . This is analogous to sequential sampling.
Relation to Studies by Sociologists
It may prove useful to relate the results o f this study to earlier work by sociologists in this area ( 1 2 ) . In previous analysec o f similar data it was mainly individual behavior that was investigated--that is. W h o
The "average sample numberu-that is, the expected length of the experiment-will depend, among other things, inversely on the difference between the means of the two populations being sampled and directly on their variance. SCIENCE, VOI.. 132
